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The spectra of acetanilide and its titanium (IV) chloride complex also leave little doubt that co- 
ordination takes place through the earbonyl oxygen. A strongcarbonyl absorption band at 1686cm -1 
in the spectrum of the free arnide in chloroform solution was shifted to 1612 cm -1 in the spectrum of 
the complex in chloroform. Assuming this was the shifted carbonyl band, there was a shift of 74 cm -1 
to lower frequencies. A study of the spectra in the region in which N--H stretching bands appear, 
indicates some change. An absorption at 3440 em -1 in the spectrum of the free amide completely 
disappears in the spectrum of the complex. This may be an indication that co-ordination also takes 
place through the nitrogen. The shifted band could be hidden by the strong chloroform absorption if 
the shift was about 400 cm -~ to lower frequencies. The fact that the shift in the carbonyl absorption is 
nearly three times greater than for any of the other complexes may also be an indication of co-ordina- 
tion through the nitrogen. Co-ordination through the nitrogen would eliminate the suggested elec- 
tronic rearrangement discussed earlier in this section. The result of this should be a greater shift in 
the carbonyl band. Molecular weight data for the titanium (IV) chloride-acetanilide complex ob- 
tained on chloroform solutions indicates that the complex is essentially a monomer. Assuming that 
titanium maintains its usual co-ordination number of six, it becomes necessary for co-ordination to 
take place through both the oxygen and nitrogen. The structure, then, may be illustrated below: 
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Four-membered ring chelates such as this have been postulated for the complexes of titanium (IV) 
chloride with esters. ~m 
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Substituted trinuclear ruthenium carbonyls 

(Received 31 August 1966) 

Tim FIRST example of a phosphine derivative of ruthenium carbonyl, Ru(CO)s[P(CeHs)s]t, has been 
recently obtained ~x~ by reduction of RuClt(CO),[P(C6Hs),]~ in the presence of carbon monoxide. 

We wish now to report that by reacting [Ru(CO)ds in CHsOH or acetone solution at 55--60°C 
with P(C6Hs),, P(C,H0s and P(OCsHs)a (hereafter indicated as L) in the molar ratio of 1:4 a new series 
of ruthenium earbonyls is obtained where the Ru/L ratio is equal to 1 and the CO/Ru ratio is equal 
to 3; the molecular weight determinations carried out in benzene (Mechrolab Osmometer) on these 
compounds are in agreement with a [Ru(CO)aL], formulation. By reacting [Ru(CO)sP(C6H~)ds or 
[Ru(CO)sP(C4Hg)s]s in methylethylketone solution at 130-140°C, under CO, with an excess of the 
corresponding ligand, complexes of the tyl~ Ru(CO)aLt are obtained. Elemental analyses and molec- 
ular weight determinations of all compounds prepared are reported in Table 1 (see p. 1390). 

(1) J. COLLMAN and W. R. ROPER, 3". Am. chem. Soc. 87, 4008 (1965). 
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TABL~ 2 
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Compound Medium CO stretching (cm-0* 

Ru(CO)s[P(CoHs)3]z nujol 1903 s 1895 s 
CH2C!2 1895 s 

Ru(CO)8[P(C4Hg)8]~ nujol 1884 s 1878 s 
CH2CIz 1876 s 

[Ru(CO)3P(CeHs)3]3 nujol 1982 s 1969 s 1935 s 
CH2C12 1980 s 1969 s 1945 sh 

[Ru(CO)3P(C~Ha)3]8 nujol 2035 w 1964 s 1930 m 
CH2C12 2035 vw 1960 s 1927 sh 

[Ru(CO)aP(OC6Hs)s]a nujol 2001 s 1985 s 1970 m 1945 sh 

* A 221 Model Perkin-Elmer speetrophotometer with prism-grating interchange was used. 

The i.r. spectra in the ~ O  stretching region (Table 2) of  the trimcric species are more complex 
than those of the monomeric one. For  Ru(CO)s[P(CeH~)a], in CHIC12 one band at 1895 cm -1 is 
found in agreement with COLLMAN and ROPER; ~]~ in nujol paste two strong bands at 1903 and 
1895 cm -1 are present. 
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